I nter national Journal of Ethicsin Engineering & Management Education
Website: www.ijeeein (ISSN: 2348-4748, Volume 1, I ssue 9, September 2014)

Heat and Mass Transfer through a Porous Medium in
aVertical Channe with Chemical Reaction and Heat
Sour ce

Dr. B. Srinivasa Reddy
'Department of Applied Mathematics,
Yogi Vemana University, Kadapa, Alijia

G V P N Srikanth
3Department of Mathematics,
Guru Nanak Institute of Technology, Hyderabad
srikanth.gorthi@gmail.com

Abstract— In this paper we deal with the non-Dar cy effects
on two-dimensional laminar simultaneous heat and mass
transfer flow of a viscous, incompressible, electrically
conducting and chemically reacting fluid through a porous
medium confined in a vertical channel. The equations of
continuity, linear momentum, energy and diffusion which
govern the flow field are solved exactly. The behavior of the
velocity, temperature and concentration, skin friction,
Nusselt number and Sherwood number has been discussed
for variationsin the gover ning parameters.

Index Terms— Component Vertical Channel, Porous
Medium, Heat Sour ce, Chemical Reaction, Perturbation
Method.

[ INTRODUCTION

Heat transfer in the case of homogeneous fluid-
saturated porous medium has been studied withiaeltd
different applications like dynamics of hot undengnd
springs, terrestrial heat flow through aquiferst faoid
and ignition front displacements in reservoir eegiring,
heat exchange between soil and atmosphere, flow of
moisture through porous industrial materials anéthe
exchange with fluidized beds.Mass transfer in isotial
conditions has been studied with applications tibfams
of mixing of fresh and salt water in aquifers, nitiée
displacements in oil reservoirs, spreading of ssun
fluidized beds and crystal washers, salt leachingdils
etc. Prevention of salt dissolution into lake wateear the
sea shores has become a serious problem for researc

Coupled heat and mass transfer phenomenon in
porous media is gaining attention due to its irgtng
applications. The flow phenomenon is relatively ptax
rather than that of the pure thermal convectiorcess.
Underground spreading of chemical wastes and other
pollutants, grain storage ,evaporation cooling and
solidification are the few other application aremsere
the combined thermo-solutal natural convectionarops
media are observed .Combined heat and mass trdnsfer
free convection under boundary layer approximatioas
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been studied by Bejan and Khair[3],Lai and KulatR][
and Murthy and Singh[15].Coupled heat and mass
transfer by mixed convection in Darcian fluid-sated
porous media has been analyzed by Lai[12].The free
convection heat and mass transfer in a porous smeo
has been studied recently by Angirasa et al[2].The
combined effects of thermal and mass diffusion in
channel flows has been studied in recent timesabjew
authors, notably Nelson and Wood [18,19].

Lee et al [14] and others [4,5,23,25,26,27,29].In
almost all these works the boundary layer formataif
Darcy's law, the energy and diffusion equations ever
used. Non-Darcy effects on natural convection irops
media have received a great deal of attention aene
years because of the experiments conducted witbralev
combinations of solids and fluids covering wide gerof
governing parameters which indicates that the
experimental data for systems other than glassrvedte
low Rayleigh numbers do not agree with theoretical
predictions based on the Darcy flow model. This
divergence in the heat transfer results has beaawed
in detail in the works of Cheng [6] and Prasad Igt14
among others.

For some industrial applications such as glass
production and furnace design in space technology
applications, cosmic flight aerodynamics, rocket
propulsion systems, plasma physics which operate at
higher temperatures, radiation effects can be fogmi.
Soundalgekar and Takhar[24] considered the radiativ
free convection flow of an optically thin grey-gpast a
semi-infinite vertical plate. Radiation effects omxed
convection along an isothermal vertical plate wsttelied
by Hussain and Takhar[11]. Raptis and Perdikisfz@}e
studied the effects of thermal radiation and free
convection flow past a moving vertical plate.Chamlet
al[6] analysed the effects of radiation on free\ation
flow past a semi-infinite vertical plate with masansfer.
Muthukumaraswamy and Ganesan[16] have studied the
radiation effects on flow past an impulsively stdrt
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infinite vertical plate with variable temperatuierakash
and Ogulu[20] have investigated an unsteady two-
dimensional flow of a radiating and chemically rtag
fluid with time.

The study of heat generation or absorption effects
moving fluids is important in view of several phyai
problems, such as fluids undergoing exothermic or
endothermic  chemical reactions. Vajravelu and
Hadjinicolaou [28] studied the heat transfer cheastics
in the laminar boundary layer of a viscous fluideowa
stretching sheet with viscous dissipation or footl
heating and internal heat generation. Hossainlef1@|
studied the problem of natural convection flow gam
vertical wavy surface with uniform surface temperatin
the presence of heat generation / absorption. Adamal.

[1] studied the problem of free convection heat arabs
transfer flow past an inclined semi-infinite heasedface

of an electrically conducting and steady viscous
incompressible fluid in the presence of a magniicl
and heat generation. Chamkha [6] investigated adgte
convective heat and mass transfer past a semitanfin
porous moving plate with heat absorption. Hadyl.ef%
studied the problem of free convection flow along a
vertical wavy surface embedded in electrically agtihg
fluid saturated porous media in the presence afriat
heat generation or absorption effect.

In many chemical engineering processes ,there does

occur the chemical reaction between a foreign naask
the fluid in which the plate is moving. These pIEREsS
take place in numerous industrial applications viz,
polymer production, manufacturing of ceramics or
glassware and food processing .Das et al[7] hadiexl
the effects of mass transfer on flow past an inmpelg
started infinite vertical plate with constant hflak and
chemical reaction. Muthukumara swamy[17] has stuidie
the effects of reaction on a moving isothermal igatt

We consider a coupled heat and mass transfer ffow o
a viscous electrically conducting fluid through arqus
medium confined in a vertical channel bounded bypps
flat walls in the presence of heat generating ssjrc
transverse magnetic field effects and a first order
chemical reaction. The flow is assumed to be steady
laminar and two-dimensional and the surface is
maintained at constant temperature and concentrae
the plates are sufficiently long, the flow variabtipes not
depend on the vertical and axial co-ordinatess lalso
assumed that the applied magnetic field is unifemal
that the magnetic Reynolds number is small so it
induced magnetic field is neglected. In additidrere is
no applied electric field and all of the Hall Effeziscous
dissipation and Joule heating are neglected. Adirtio
physical properties are constant except the demnsitiie
buoyancy terms of the linear momentum equation kwhic
is approximated according to the Boussinesq
approximation, under these assumptions, the eqtio
describing the physical situation are given by

dv
LAAY) 2.1
3y (2.1)
2
v ¥ oy UL pgr-T) + B gCc-C.)
dy dy
) (2.2)
_ o8 _ (z]u _ OF
P k N/
oT T d(q.)
Cv— =24 +Q(T-T) - —*&=
P pvay 2 Q(T-T) oy a (2.3)
ac 0*C
% = -ycC 2.4
Vay % y (2.4)

where y is the horizontal or transverse coordinatés the

axial velocity, v is the transverse velocity, T tise fluid
temperature, C is the species concentratiognth& ambient
temperature, € is the ambient concentration and

0,9,.6,6 ,14,0,B,,Q,D and y are the density,
gravitational acceleration, coefficient of thernm@&tpansion,
account the effects of viscous dissipation. coefficient of concentration expansion, dynamiccwity,

In this chapter we deal with the non-Darcy effemts  fluid electrical conductivity, magnetic inductionheat
two-dimensional laminar simultaneous heat and masgeneration/absorption coefficient, mass diffusiaveficient
transfer flow of a viscous, incompressible, eledly  and chemical reaction parameter respectively. Thgsipal

CondUCting and Chemica”y reaCting fluid through aboundary conditions for the prob|em are
porous medium confined in a vertical channel. The

equations of continuity, linear momentum, energyl an
diffusion which govern the flow field are solvedaexly.
The behavior of the velocity, temperature and Y
concentration, skin friction, Nusselt number and
Sherwood number has been discussed for variatiotiei
governing parameters.

long surface with suction. Recently Gnaneswar[8% ha
studied radiation and mass transfer on an unstaaoy
dimensional laminar convective boundary layer flofaa
viscous incompressible chemically reacting fluidra a
semi-infinite vertical plate with suction by takirigto

u(-L) =0, v(-L) =v,, T(-L)=T,, C(-L) =C,
(+L) = 0, v(+L) = v,, T(+L) = T,, C(+L) = C,

(2.5)

Where y,>0, T,,T, and G,C, are the suction velocity, surface
temperatures and concentrationsyn + L respectively.

Invoking Rosseland approximation for radioactivatfiux

1. M athematical For mulation of the Problem
23
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. 14 2
qr= _40' oT dg +5Pﬁ aPQO:O (35)
36, 0y dy* dy
Expanding T'%in Taylor series about ;Tand neglecting dZCZo rsscd% e = (3.6)
higher order terms, we get dy dy

T* ODATT -3T:
g, Represents the radiation heat flux in the y diogtio”

the Stefan —Boltzman constant ayf@the mean absorption

coefficient.In order to write the governing equasoand
boundary conditions in the dimensionless form, ftiwing
non-dimensional quantities are introduced

= —, 8
(/L) -1 ¢, -C

The equations after dropping the dashes are

d*u du 5 X _
+S5 =+ GO(O+NC)- d(M*+D ™ )u—-(3A)u* = 0 (2.6)
dy* dy
2
49, spd9 4po =0 2.7)
dy* dy
2
d€+SScd—C -kScC=0 (2.8)
dy dy

c
Where P = % (Prandtl Number)Sc = % (Schmidt Number),

2 2 72
L (Chemical reaction parameter)f® = o5
0
4/]?’}3 (Radiation

g

e

4
v

k =

(Hartman

Number), N =

’ZAA; (Buoyancy ratio),N, =
or

parameter),a = (Heat source parameterd, = F D ~'/*(Inertia

parameter or Forchhimer Number).
The non-dimensional boundary conditions are

u(x1) =0, (-1)=0, C(-1)=0
(+1)=1, Cc(+1)=1

Il. SOLUTION OF THE PROBLEM

The governing equations of the flow, temperatule an ¢ (y) = a_y+a,, + a,y* +a,y° + — 1

concentration are coupled non-linear differential
equations. Assuming the porosiiyo be small, we write

u(y) = uy(y) + 9, (¥) + OUy(y) + v (3.1)
8(y) = G(¥)+ d6,(y) + I*G(¥) + cvvrerrnn 3.2
C(Y) = G, + IC,(y) + O Cy(y) +ormr (3.3)

Substituting the above expansions (3.1)-(3.3) emdfuations

(2.6)-(2.8) and equating the like powers &f we obtain
equations to the zero th order as

dZuo +SM
dy* dy

=7 (3.4)
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The first order equations are

2
du, +Sd = -G(G,+NC)+ (D" +M)u - AL (3.7)
dy* ~dy
2
0 sp 9% _4pg =0 (3.8)
dy’ dy
d*c, dc,
+SSc -yC, =0 3.9
iy T (3.9)
The second order equations are
2
du, §—= du, = -G +NC)+ (D" +M)u,- A (3.10)
dy* dy
2
48 5p8% _4pg =0 (3.11)
dy’ dy
2
‘; 2 455 _ e =0 (3.12)
y y
The corresponding boundary conditions are
u,(x1)=0, §,(-1)=0, C,(-1)=0 (3.13)
g (+1)=1, C,(+1) =1
u, (¥¢1)=0, (1) =0, C,(¥t1)=0 (3.14)
u,(£1) =0, 6,(x1)=0, C,(x1) =0 (3.15)

Solving the equations (3.4)-(3.12) subject to thwurtmary
conditions (3.1)-(3.3) we obtain

u, = a, (exp (=sy) — Cos h (sy))

U = Gyt a4y exp (=sy) + ¢, (y)
$,(») = a,y-a,y’ —a,, y exp(-s y) - a, exp (-M,y)
- (a5 +a,;) exp (-M,y)—a,; exp (~M,y) — a,; exp (M, y)
U, = Gy + Oy €xp (—sy) + &, (V)

exp( 2sy)+ — ! S exp (2sy)
6s°
+ ag; exp(—M,y) +ay, exp (sz) + ag; exp(M,y) + ags exp (M, y)

+ (ag, +a43y2 +a,s) exp (=sy)+as, exp(sy)

g, = a, exp(M,y) + a, exp (M,y)

6 =0

6,=0

C, = a; exp (-M,y) + a, exp(M,y) + a, exp (—M,y)
+ ay exp(M,y)

I
™
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V. Stress, Nusselt Number and Sherwood Number

The shear stress on the boundanjes +1 are given

. du
by r (ﬂa)y:ﬂ

which in the non-dimensional form reds to

I (ﬂ]
/1)

dy

du0+a_ 1+a_zdu .
dy dy dy )7

and the corresponding expressions are
r = b, + b, +0°b, +...

y=u = b, +0b +3°b, +

The rate of heat transfer (Nusselt Number) on thendaries

y = %1 are given by

y=+1
14

Nu,._., (d@ Jde + 5296 dé, j
dy dy ay ), .
and the corresponding expressions are
Nu,.,, =b
Nu,__, = b

dominates over the thermal buoyancy force the aseldcity

u experiences an enhancement in the flow regionnwhe
buoyancy forces act in the same direction and Herforces
acting in different directions we notice a depréomin u in
the entire flow region. Also an increase in theiaddn
parameter Nleads to an enhancement in u in the flow region
except in the vicinity of y=1. The variation ofaith Schmidt
number Sc reveals that smaller the molecular diffiyslesser
the axial velocity in the flow field (fig.5).Figs®& represents
the behavior of u with reference to the suctiorap@ter S and
the chemical reaction parameter k.We notice thahliances
with increase in S.It is found that the velocitedEmses during
the generative reaction and enhances in the désguc
reaction.

The non-dimensional temperaturé () is shown in
figs.8-12.The temperature is found to be positioe &ll
variations. The non-dimensional temperature deptesiwith
a(fig.8).An increase in the molecular diffusivityads to a
depreciation i@ in the entire flow field (fig.9).The behavior
of O with the suction parameter S indicates that the
temperature enhances with increase in S(fig.10)vetm@tion
of 6 with the chemical reaction parameter k (fig.11pwh
that® decreases in the generative reaction and enhandes
destructive reaction. The behavior 6fwith the radiation
parameter N is depicted in fig.12.The temperature

The rate of mass transfer (Sherwood Number) on thexperiences a remarkable depreciation when theatiadi

boundariesy = +1 are given by

Sh . = (dc N L ]
dy ay ), -

0 +5
dy
and the corresponding expressions are
Sh = b,
Sh = b,

y+11

y=-1

V. Discussion of the Numerical Results

parameter enhances and for higher values ghdxe is a
marginal decrease tin the entire flow region.

The concentration distribution (C) is exhibited in
figs.13-15.1t is found that the concentration isitive in the
entire flow region for all variations.Fig.13 exhbi the
variation of C with Sc. We find that lesser the ewmllar
diffusivity smaller the concentration in the flovielfi, The
effect of suction parameter S is shown in fig.14.&dé&ce that
higher the suction at the boundaries larger theeatnation in
the flow region. From fig.15 we observe that thisra fall in
the concentration for destructive chemical reactiond an

The aim of this analysis is to investigate theenhancementin C for generative chemical reaction.

convective heat and mass transfer through a panaasum in
a chemically reacting fluid in a vertical channel the
presence of heat sources. We consider three diffar@ses
k >0, k=0 and k < 0, where k is the chemicalctiea
parameter. k > 0 represents destructive chemicattion,
k = 0 represents no chemical reaction and k < (@ofs
generative chemical reaction.

The velocity u is represented in figs.1-7 for eliféint
values of the governing parameters G, Bc, S, M, N, N, a
and k. u > 0 is the actual flow and u < 0 is theersal flow. It
is found that the velocity profiles rises from ¥alue zero on
the boundary y = -1 to attain the prescribed vdluen y =
1.The axial velocity enhances with increase in @ mduces
with increase in the strength of the heat gensgati
source(fig.1).Fig.2 represents the variation ofithweference
to D' and M. It is found that lesser the permeabilitpofous
medium or higher the Lorentz force smaller u inftbev field.
From fig.3 we notice that when the molecular bumyeforce

25
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Fig.2 Variation of u with D& M

Fig.5 Variation u with Sc
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Fig.8 Variatio® with a
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4 The average Nusselt number (Nu) which represents
0.9 - the rate of heat transfer at y#1 is shown in tables.1,2 for
0.8 4 different values of G,B, N anda. The variation of Nu with

Dshows that lesser the permeability of the porousliume

0.7 - larger the magnitude of Nu at y+1 and at y = -1 lEmaNul]
0.6 1 and for further lowering of the permeability largeNulat
0.5 4 both the walls. The variation of Nu with shows that the rate
0.4 of heat transfer depreciates with < 4 and enhance with
03 4 highera = 6 at both the walls. Lesser the molecular diffiigiv

largerCNuldat y = +1, smallerNuJ at y = -1 for G > Oand for
G < OsmallefNu at y = +1 and largerNuJ at y = -1.
3 The Sherwood Number (Sh) which measures the rate
) T D T

of mass transfer at y £1 is shown in tables.3,4 for different

-1 -0.5 0 0.5 1 variations. The variation of Sh with“Bhows that lesser the
y permeability of the porous medium smaller the m@ftanass
transfer at y = 1 and larger at y = -1.The variatid Sh with
Fig.14 Variation C with S Sc shows that lesser the molecular diffusivity éaigSh at y

= +1 in the heating case while in the cooling casnhances

4 aty =1 and reduces aty = -1.The rate of massfeareduces
0.9 - aty = +1 and enhances at y = -1 when the buoyforcgs act
08 1 in the same direction and for the forces actingoposite
D.?' directionsSh_enhances at y = 1 and depreciates aty = -1.
0.6 -
0.5 A
0.4 -

-0.5 0 0.5 1

Fig.15 Variation C with k

Table-1
Nusselt Number Nuaty = 1

G I Il 1] \% \'% VI VIl VIII IX

10° | -3.9534| -4.341| -4.9488 0.98614 3.1053 -3.9534 5p88 -4.0793| -4.1058
3x10° | -3.9625| -4.344| -4.9508 0.33058 2.9179 -3.9625 B89 -4.0906| -4.1176
10° |-3.9908| -4.3534 -4.956f 3.9822 35135 -3.9908 @191 -4.1266| -4.1545
3x10° | -3.9812| -4.3504 -4.954F 8.8482 3.7362 -3.9912 ®91| -4.114 | -4.1419
D* 107 2x10¢° | 3x1C 107 109 10 109 109 109

a 2 2 2 4 6 2 2 2 2

N 1 1 1 1 1 1 2 -0.5 -0.8
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Table-2

Nusselt Number Naty = -1

G I Il [l [\ V

\i ViI VIiI IX

10° | 7.8348| 7.2854 7.637

0.2104 -2.9962 7.8848 7.7106655| 8.1138

3x10° | 7.8519| 7.2883 7.637F 1.54509

-2.5 7.8519 7.7256868.0 8.1359

10° | 7.9051| 7.2971 7.637

-5.88946 -4.0767 7.9054 7.7/@4528| 8.205

OY[OTI N

3x10° | 7.8870| 7.2941 7.637

-5.7968- 4.6664 7.887 7.7563308| 8.1815

D? 100 | 2x10 | 3xa0 107 10° 10 10° 10 10°

a 2 2 2 4 6

2 2 2 2

N 1 1 1 1 1

1 2 -0.5 -0.8

Table-3

Sherwood number (Sh) aty =1

G I Il 1] v

\'% Vi VIi VIII

10° -0.2943 | -0.15737 -0.1530

-0.31362 -0.3176 -0.1849822211| -0.36752

3x10° | -0.29536| -0.15734 -0.1530

-0.314p7 -0.3190 -0.88510.2226| -0.3691¢

10° | -0.29866| -0.15726 -0.1528

-0.31915 -0.3234 -0.28540.22412| -0.3742¢

oo N[N

3x10° | -0.29754| -0.15729 -0.1529

-0.317y3 -3.3219 -0.8855).22361| -0.3725]

OO

D? 107 2x10 3xX1E 107 10 10 107 10

N 1 1 1 -0.5 -0.8 1 1 1

Sc 1.3 1.3 1.3 1.3 1.3 0.24 0.6 2.01
Table-4

Sherwood number (Sh) aty = -1

G I Il [l \%

\'% VI VIl VIII

10° | -1.28231| 4.8048 47.7192 -1.2935

-1.2956 -1.26882789| -1.2833

3x10° | -1.28277| 4.5436 42.324 -1.2939

-1.2959 -1.2y63 8412 -1.2832

-1.2969 -1.2953 84122 -1.28313

2
|
10° | -1.2841 | 4.8781 31.492Pp -1.2949
3x1 -1.28366| 4.0825 34.4518 -1.2946

-1.2966 -1.28952882| -1.28317

D* 109 2x10° | 3x10° 109

100 100 10° 10°

N 1 1 1 -0.5 -0.8 1 1 1
Sc 1.3 1.3 1.3 1.3 1.3 0.24 0.6 2.0]
REFERENCES

[1] Alam M S, Rahman M M and Sattar M A (2006) Hm [4]
Free convection heat and mass transfer flow past an
inclined surface with heat generation, mhaat. Int. J.
Sci. Tech. 11 (4), pp. 1-8.
[2] Angirasa,D,Peterson,G.P and Pop,| :Bioed heat and [5]
mass transfer by natural convection with opposing
buoyancy effects in a fluid satathtporous medium, [6]
Int.J.Heat Mass Transfer,V.40,pp.2755-2773(1997)
[3] Bejan,A and Khair,K.R:Heat and Mass trandfgmatural  [7]
convection in a porous medium,Int.J.Heat$1a
transfer,V.28,pp.908-918(1985). [8]

29

Chamkha A J (2004) : Unsteady MHD conveetheat
and mass transfer past a semi-finite vertical pabige
moving plate with heat absorption. Int. J. Eng.. 24,
pp. 217-230.

Chamkha,A,J., Takhar,H.S and Soundalg®kt,:
Chem. Engg.J.., V.84, p.104(2003)

Cheng,P:Heat transfer in geothermal systems,Adat
Transfer,V.14,pp.1-105(1978)

Das,U.N,Deka,R.K and Soundalgekar,V.M: Fomsgh
in Inge,V.80,p.284 (1994).

Gnaneswar Reddy: Acta Ciencia Indica Wi3Mo,21,
P.639(2008).



I nter national Journal of Ethicsin Engineering & Management Education

Website: www.ijeeein (ISSN: 2348-4748, Volume 1, I ssue 9, September 2014)

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]
[23]
[24]
[25]

[26]

Hady F M, Mohammed R A and Mahdy A (2006): [27]  Trevison ,D.V and Bejan,A :Combined haatl

MHD Free convection flow along a vertisavy Mass transfer by natural convectioNantical
surface with heat generation of absonpeffect, enclosure, Trans.ASME,V.109, pp.104{1287)

Int. Comm. Heat Mass Transfer, 33, #53:1263. [28]  Vajravelu K and Hadjunicolaou A (1993)e&t
Hossain M A, Molla M.M and Yaa L S (2004): transfer in a viscous fluid over gesthing sheet

Natural convection flow along a veatiwavy surface with viscous dissipation and interheat generation,
temperature in the presence of heat Int. Comm. Heat Mass Transfer 20,41¥-430.
generation/absorption, Int. J. Thermal Science 43, [29] Wei-Mon Yan:Combined buoyancy effects of

pp. 157-163. Int.J.Fluid. Mech ,V.72260-287 thermal and mass diffusion on lamiicaced
Hussain,M.A and Takhar,H,S:Heat and Mass convection in horizontal rectanguarts,int,J,
transfer,V.31,p.243(1996) Heat Mass transfer,V.39,pp.1479-14886)

Lai,F.C :Cpupled heat and mass transfer by
mixed convection from a vertical platesi
saturated porousmedium.,Int. Commn.heat
mass transfer,V.18, pp.93-106(1971)
Lai,F.C and Kulacki,F.A : Coupled heat and
mass transfer by natural convection framtical
surfaces in porous medium., Int.J. Héass

Transfer, V.34,pp.1189-1194(1991)

Lee,T.S,Parikh, P.G,Archivos, A and

Bershader,D:Int.J.Heat Mass Transfe2sy

pp.499-522(1982)

Murthy,P.V.S.N and Singh,P:Heat and Mass

transfer by natural convection in a Nbarcy

porous medium,Acta Mech,V.26,pp.567®)99

Muthukumaraswamy,R and Ganesan,P:

Int.J.Appl.Mech and Engng., V.44,p.10003)

Muthukumaraswamy, R: Acta Mechnica

V.155,p.65(2002)

Nelson,D.J and Wood,B.D:Combined heat and

mass transfer by natural convectiomvben vertical

plates with uniform flux boundary cotialns,

Heat transfer,V.4,pp.1587-1952(1986).
Nelson,D.J and Wood,B.D:Combined heat and smas
transfer by natural convection between verticatgs

Int.J.,Heat Mass transfer,V.82,pp.11892(1989)
Prakash,J and Ogulu: Ind.J.Pure and Appliaths,
V.44,P.805(2006)

Prasad,V,Kulacku,F.A and Keyhani,M: Natural
convection in a porous medium,J.Fluigdkl,V.150,

pp.89 119(1985)

Raptis,A and Takhar,H,.S :Heat and Mass
transfer,V.31,p.243(1996)
Raptis,A and Perdikis,C: J.Phys..,Appl.

Physics V.14,pp 99-102(1981)
Soundalgekar,V.M and Takhar,H.S: Modelling

measurement and control,B.51,p.31, 3199
Sparrow ,E.M,Chryser,M and Azvedo,L.F.A :

J.Heat transfer,V.106,pp.325-332(1984).
Sparrow,E.M and Azvedo,L.F.A : J .Heat and

Mass transfer,V.28,pp.1847-1857(1985).

30



